DERWENT-ACC-NO: 2002-219857 
DERWENT-WEEK: 200228 
COPYRIGHT 2005 DERWENT INFORMATION LTD 

TITLE: Transparent electrical conductive 

film used in electrode 

of solar battery, includes 
transparent conductive coating 

layer containing indium/tin oxide 

formed covering 

substrate and convex-shaped portion 

PRIORITY-DATA: 1999 JP-0359290 (December 17, 1999) 
PATENT- FAMILY: 

PUB-NO PUB-DATE 
LANGUAGE PAGES MAIN- I PC 

/ JP 2001176334 A ~ June 29, 2001 N/A — 

006 H01B 005/14 

INT-CL (IPC) : C23C014/08, H01B005/14 , H01L029/43 , 
H01L031/04 



ABSTRACTED-PUB-NO: JP200117 6334A 
BASIC-ABSTRACT: 

NOVELTY - The alkoxide solution containing indium/tin oxide 
is adhered onto 

substrate (8) in form of droplets. A transparent convex- 
shaped portion (9) is 

formed by performing heat processing and hydration of 
adhered droplets . A 

transparent conductive coating layer containing indium/tin 
oxide is formed 

covering the substrate and convex-shaped portion by 

performing physical vapor 

deposition. 
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DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also 
included for transparent 

electrical conductive film manufacturing method. 

USE - Transparent electrical conductive film used in 

electrode of solar 

battery. 

ADVANTAGE - As concavo-convex structure can be formed on 
substrate, a high 

transmittance in low temperature region below 150 deg. C 
is obtained in low 

resistance. Obtains big short circuit current. The 
photoelectric conversion 
efficiency is improved, remarkably. 

DESCRIPTION OF DRAWING (S) - The figure shows the sectional 
view of transparent 
electrical conductive film. 

Substrate 8 : 

Convex-shaped portion 9 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a transparent 
conductive film that has an 

unevenness in a surface thereof that allows the employment 
of heat treatment in 

low- temperature regions free of heat-caused deterioration 

of other layers and 

its manufacturing method. 

SOLUTION: A transparent conductive film having an 
unevenness on a surface 

thereof, comprising a transparent conductive convex 
sections 9, 12 formed by 

placing drops of alcoxide solution containing a composite 
oxide of indium oxide 

and tin oxide on a substrate 8 or transparent conductive 
layer 11 and 

performing conducting heat treatment and hydrotreatment on 
the drops and a 

transparent conductive coated layers 10, 13 consisting of a 
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composite oxide of 

indium oxide and tin oxide are formed by lamination through 
the use of a 

physical vapor deposition method so that the composite 
oxide covers the 

transparent conductive convex section and the substrate or 
the transparent 
conductive layer. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The transparence electric-conduction film characterized by to provide the transparent conductive heights 
formed by making the drop of the alkoxide solution which is the transparence electric-conduction film which has 
irregularity in a front face, and contains indium oxide and a tin-oxide multiple oxide adhere on a substrate or a 
transparence conductive layer, heat-treating this adhesion drop, and carrying out adding-water processing, and the 
transparent conductive enveloping layer which consist of indium oxide and a tin-oxide multiple oxide by which 
laminating formation was carried out using physical vapor deposition so that these transparent conductive heights and 
said substrate, or said transparence conductive layer might be covered. 

[Claim 2] false [ of the magnitude in which said transparent conductive heights are inscribed in a circle with a diameter 
of 0.05-200 micrometers ] - the transparence electric conduction film according to claim 1 characterized by the 
hemispherical thing. 

[Claim 3] The heat treatment temperature for forming said transparent conductive heights is transparence electric 
conduction film according to claim 1 characterized by being the range of 100-150 degrees C. 
[Claim 4] The transparence conductive layer which adheres to said drop is transparence electric conduction film 
according to claim 1 characterized by carrying out laminating formation on a substrate using physical vapor deposition. 

[Claim 5] The manufacture approach of the transparence electric-conduction film characterized by to provide the 
process which makes the drop of the alkoxide solution containing indium oxide and a tin-oxide multiple oxide adhere 
on a substrate or a transparence conductive layer in the manufacture approach of the transparence electric-conduction 
film which has irregularity in a front face, the process which stiffens by heat-treating said adhesion drop and carrying 
out adding-water processing, and form transparent conductive heights, and the process which carry out the laminating 
formation of the transparence conductive layer with physical vapor deposition on said transparent conductive heights. 
[Claim 6] The manufacture approach of the transparence electric conduction film according to claim 5 which carries 
out the seal of approval of the supersonic wave to the metal alkoxide solution which sprays the alkoxide solution which 
contains indium oxide and a tin oxide multiple oxide using a spray nozzle on a substrate or a transparence conductive 
layer at the process which forms said transparent conductive heights, or contains indium oxide and a tin oxide multiple 
oxide, and is characterized by generating a fog-like drop and supplying this on a substrate or a transparence conductive 
layer. 

[Claim 7] The manufacture approach of the transparence electric conduction film according to claim 5 characterized by 
heating an adhesion drop in a 100-150-degree C temperature region at the process which forms said transparent 
conductive heights. 

[Claim 8] The transparence conductive layer which adheres to said drop is the manufacture approach of the 
transparence electric conduction film according to claim 5 characterized by carrying out laminating formation on a 
substrate using physical vapor deposition. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the transparence electric conduction film and its manufacture 
approach, especially relates to the transparence electric conduction film and its manufacture approach for solar 
batteries. 
[0002] 

[Description of the Prior Art] The transparence electric conduction film is used for the electrode of the solar battery 
which uses for example, the amorphous silicon (it is hereafter described as a-Si) film as a generation-of-electrical- 
energy layer. An example of the structure of an a-Si solar battery is shown in drawing 1 . The transparence electric 
conduction film 2 with which a solar battery consists of tin oxide (it is described as the following Sn02) as a surface 
transparent electrode on a glass substrate 1 and a glass substrate 1, The a-Si layer 3 by which the laminating was carried 
out to some of the tops, and the transparence electric conduction film 4 which consists of indium oxide and a tin oxide 
multiple oxide (it is hereafter described as ITO) by which the laminating was further carried out as a rear-face 
transparent electrode on it, Furthermore, it has the aluminum electrode layer 5 by which the laminating was carried out 
on it, and the aluminum electrode 6 independently formed as a current collection electrode on the transparence electric 

conduction film 2. Incidence of the light 7 is carried out to the a Si layer 3 through a s ubstrate 1 and the transparenc e 

electric conduction film 2, and it produces photoelectromotive force here. The transparence electric conduction film 2 
is formed by well-known thermochemical vacuum deposition, the thickness is about 1 micrometer and the irregularity 
of 0.1 micrometers or less is formed in the front face. This irregularity contributes greatly, the increase, i.e., the 
improvement in generating efficiency, in photoelectromotive force. It says [ the light which carried out incidence of 
this reason in the first place from the glass side becoming that it is hard to be reflected with the irregularity in the 
interface of the transparence electric conduction film 2 and the a-Si layer 3, and being incorporated effectively in the a- 
Si layer 3 ], Although the light reflected in the second by the transparence electric conduction film 4 and the aluminum 
electrode layer interface is returned to the transparence electric conduction film 2 and a-Si layer 3 interface, since the 
incident angle in that case becomes large, it is in the rate which total reflection is carried out and does not go outside 
increasing. Here, if irregularity is formed in a front face like [ the transparence electric conduction film 4 ] the 
transparence electric conduction film 2, the rate that total reflection of the incident light is carried out, and it does not 
go outside will increase, and it will lead to the improvement in generating efficiency more. 
[0003] 

[Problem(s) to be Solved by the Invention] The vacuum deposition method etc. is used for the approach of 
manufacturing the transparence electric conduction film 4 which has irregularity in the front face which consists of this 
ITO. However, although the transparence electric conduction film 4 of the structure of having irregularity on a front 
face can be manufactured in a vacuum deposition method, it is necessary to heat a base material at 350 degrees C or 
more. If the transparence electric conduction film 4 is formed on the a-Si layer 3 using heat treatment in this 
temperature region 350 degrees C or more, the a-Si layer 3 of a generation-of-electrical-energy layer will crystallize, or 
it will produce un-arranging [ of generating efficiency falling sharply by diffusion of the doped impurity ]. for this 
reason, the substrate temperature in about 150 degrees C or less to which neither crystallization of the a-Si layer 3 nor 
the doped diffusion of an impurity takes place - a front face - concavo-convex structure - having - in addition - and 
high permeability is shown and the transparence electric conduction film which consists of ITO of low resistance, and 
its manufacture approach are searched for. 

[0004] It is made in order that this invention may solve the above-mentioned technical problem, and it aims at offering 
the transparence electric conduction film which has irregularity in the front face which can adopt heat treatment in the 
degree region of low temperature from which heat deterioration of other layers is not caused, and its manufacture 
approach. 
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[0005] 

[Means for Solving the Problem] The transparence electric conduction film concerning this invention is transparence 
electric conduction film which has irregularity in a front face. The transparent conductive heights formed by making 
the drop of the alkoxide solution containing indium oxide and a tin oxide multiple oxide adhere on a substrate or a 
transparence conductive layer, heat-treating this adhesion drop, and carrying out adding-water processing, It is 
characterized by providing the transparent conductive enveloping layer which consists of indium oxide and a tin oxide 
multiple oxide by which laminating formation was carried out using physical vapor deposition so that these transparent 
conductive heights and said substrate, or said transparence conductive layer might be covered. 
[0006] In this case, as for the above-mentioned transparent conductive heights, it is desirable to make the shape of a 
false semi-sphere of the magnitude inscribed in a circle with a diameter of 0.05-200 micrometers. As shown in drawing 
4 and drawing 8 , the short-circuit current Isc made into the index of evaluation of the solar-battery engine performance 
in the range whose diameter of a drop used as transparent conductive heights is 0.05-200 micrometers is high, and it is 
because it is stabilized. Such transparent conductive heights serve as a configuration of the shape of a false semi-sphere 
as shown in drawing 2 and drawing 6 by heat-treating the thing to which the drop was made to adhere as shown in (a) 
of drawing 3 , and (a) of drawing 7 , and carrying out adding-water processing. 

[0007] As for the heat treatment temperature for forming transparent conductive heights, it is desirable to consider as 
the range of 100-150 degrees C. Since a gelation (hardening) reaction would not be gone on or promoted when heat 
treatment temperature was less than 100 degrees C, the lower limit of heat treatment temperature was made into 100 
degrees C. on the other hand, if heat treatment temperature exceeds 150 degrees C, an a-Si generation-of-electrical- 
energy layer will carry out heat deterioration (crystallization) - it came out and the upper limit of heat treatment 
temperature was made into 150 degrees C. Without producing substantially the heat deterioration of an a-Si generation 1 
of-electrical-energy layer, and diffusion of a doping impurity by heat treatment of such a degree region of low 
temperature, the sol solution which consists of a metal alkoxide gels (hardening), an adhesion drop comes to have 
desired reinforcement, and this serves as transparent conductive heights. If covering formation of the transparent 
conductive enveloping layer is furthermore carried out on transparent conductive heights, the front face will become 
irregularity and high generating efficiency will come to be acquired by carrying out total reflection of the incident light 
here. 

[0008] In addition, as tor the heating holding time ot neat treatment, it is desirable to co nsider as for 5 - 30 minu t es. 

While a gelation (hardening) reaction becomes [ the heating holding time ] inadequate under for 5 minutes, it is because 
a gelation (hardening) reaction will not advance any more, but effectiveness will be saturated and it will become 
uneconomical, if the heating holding time exceeds for 30 minutes. 

[0009] In addition, since the hygroscopic moisture and the metal alkoxide which are contained in atmospheric air react, 
adding-water processing does not usually have to carry out special processing using a humidifier etc. 
[0010] In the manufacture approach of the transparence electric conduction film that the manufacture approach of the 
transparence electric conduction film concerning this invention has irregularity in a front face The process which makes 
the drop of the alkoxide solution containing indium oxide and a tin oxide multiple oxide adhere on a substrate or a 
transparence conductive layer, It is made to harden by heat-treating said adhesion drop and carrying out adding-water 
processing, and is characterized by providing the process which forms transparent conductive heights, and the process 
which carries out laminating formation of the transparence conductive layer with physical vapor deposition on said 
transparent conductive heights. 

[001 1] It is desirable to carry out the seal of approval of the supersonic wave to the alkoxide solution which sprays the 
alkoxide solution which contains indium oxide and a tin oxide multiple oxide using a spray nozzle on a substrate or a 
transparence conductive layer at the process which forms the above-mentioned transparent conductive heights, or 
contains indium oxide and a tin oxide multiple oxide, to generate a fog-like drop, and to supply this on a substrate or a 
transparence conductive layer. 

[0012] In addition, laminating formation of the transparence conductive layer which adheres to a drop can be carried 
out on a substrate using physical vapor deposition (Physical vapor deposition: abbreviate to PVD below). PVD is an 
approach of making a raw material into a steam or sputtered particles by ejection (sputtering) heating or by carrying out 
ion irradiation in a vacuum, and making these depositing on a substrate. For example, a substrate is set to the 
processing interior of a room, the preliminary exhaust air of the processing interior of a room is carried out until it 
becomes the range of 2x10-6 - 2xlO-5Torr, and the substrate of the processing interior of a room is heated in a 30-150- 
degree C temperature region. And discharge gas like argon gas is introduced into the processing interior of a room, and 
pressure control is carried out so that the internal pressure of a processing room may serve as the range of 2x10-3 - 
2xlO-2Torr. It is because the discharge in the processing interior of a room will become unstable if it separates from 
this pressure range. 
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[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of various desirable operations of this invention is explained, 
referring to an attached drawing. 

[0014] (1st operation gestalt) The 1st operation gestalt of this invention is explained, referring to drawing 2 - drawing 
5. 

[0015] First, the alkoxide solution which contains indium oxide and a tin oxide multiple oxide from a spray nozzle 
towards the substrate 8 which consists of an alkali-free-glass plate is sprayed, and a drop is made to adhere to the front 
face of a substrate 8. Although there is dispersion in the particle size of the drop generated by this atomizing process, 
while adjusting the diameter of a liquid delivery of a nozzle so that it may become 0.05-200-micrometer particle size 
distribution, the discharge pressure of liquid is controlled. In addition, even if it uses an ultrasonic atomizing process, 
the same drop can be made to adhere on a substrate as a substitute of the approach of spraying from a spray nozzle. 
Adhesion actuation of the drop by the atomizing process was performed under room temperature atmospheric pressure. 
[0016] Next, after carrying out heating maintenance of the substrate 8 for about 30 minutes at the temperature of about 
120 degrees C, leave this to a room temperature, the hygroscopic moisture and the metal alkoxide in atmospheric air 
are made to react, and the drop which adhered on the substrate 8 is stiffened (gelation). The ITO heights 9 of a large 
number with the hemispherical structure which this shows to (a) of drawing 3 are formed on a substrate 8. 
[0017] Next, the concrete approach which forms the ITO enveloping layer 10 on it is explained. 
[0018] A sputtering system given in the application specification and drawing of Japanese Patent Application No. No. 
233996 [ 1 1 to ] is used for PVD membrane formation. The substrate 8 in which IT09 with the above-mentioned 
hemispherical structure was formed is installed in the substrate electrode in a vacuum housing, and preliminary exhaust 
air is carried out at 2x10 to 6 or less Torrs. Moreover, a substrate 8 is heated at about 150 degrees C at a heater. And 
argon gas, or an argon and oxygen mixed gas is introduced from a gas inlet. At this time, a pressure is adjusted to 
abbreviation 5xl0-3Torr. 

[0019] Next, it is impressed by the target electrode holder on which the ITO target which countered the substrate 
electrode in high-frequency power from the RF generator through the adjustment machine was pasted up. Discharge 
occurs, the sputtered particles which the generated argon ion collides with a target front face, and becomes from a film 
ingredient from a target front face jump out, it deposits on I TQ9 with hemispherical structure, and a substrate 8, and the 
ITO enveloping layer 10 is formed. Thickness is 50nm - 1 micrometer, the resistivity of the ITO enveloping layer 10 — 
obtained by doing in this way was 5x10-4 ohm-cm, total light transmission became 82% and it was checked that it is 
equivalent to the conventional transparence electric conduction film. 

[0020] It became clear that the microphotography by the optical microscope of the transparence electric conduction 
film by this invention formed as mentioned (a) of drawing 3 above is shown, much ITO(s) with hemispherical structure 
were formed and the shape of toothing was shown. On the other hand, (b) of drawing 3 does not form ITO with 
hemispherical structure, but the microphotography by the optical microscope of the transparence electric conduction 
film which produced the ITO film by direct PVD is shown, a front face is smooth and the shape of toothing has not 
appeared. 

[0021] Drawing 4 is the characteristic ray Fig. showing the relation of the drop diameter (diameter of the transparent 
conductive heights 9) and short-circuit current in the transparence electric conduction film which takes the diameter 
(micrometer) of an adhesion drop along an axis of abscissa, takes a short-circuit current Isc (relative intensity) along an 
axis of ordinate, and is applied to the 1st operation gestalt. As shown in drawing, in the range whose diameter of a drop 
used as transparent conductive heights is 0.05-200 micrometers, the short-circuit current Isc made into the index of 
evaluation of the solar-battery engine performance was high, and it became clear that it was stabilized. 
[0022] Drawing 5 is a graph which shows the comparison of the short-circuit current of a solar battery equipped with 
the transparence electric conduction film by this invention, and the conventional transparence electric conduction film. 
The configuration of a solar battery is the solar battery formed by the manufacture approach by the 1st example of this 
invention which carried out as shown in drawing 1 , and mentioned above the transparence electric conduction film 4 in 
drawing 1 . When the short-circuit current of the solar battery using the transparence electric conduction film produced 
by the conventional technique as an example of a comparison was set to 1, the short-circuit current of the solar battery 
using the transparence electric conduction film by this invention was increasing sharply with 1 .4, and it became clear 
that it had big photoelectric conversion efficiency. Moreover, if the magnitude with hemispherical structure of the ITO 
heights 9 serves as a diameter of less than 0.05 micrometers, and a configuration inscribed in the circle exceeding 200 
micrometers, the effectiveness of this improvement in a short-circuit current will not appear. 

[0023] (2nd operation gestalt) The 2nd operation gestalt of this invention is explained, referring to drawing 6 - drawing 
9 next. ~ 
[0024] First, the concrete producing method which produces the ITO film 1 1 on a substrate 8 is as follows. 
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[0025] The sputtering system same as PVD as the above-mentioned 1st operation gestalt was used. The substrate 8 
which consists of alkali free glass etc. is installed in the substrate electrode in a vacuum housing, and preliminary 
exhaust air is carried out less than [ 2xlO-6Torr ]. Moreover, at a heater, a substrate 8 is heated at 150 degrees C. And 
argon gas, or an argon and oxygen mixed gas is introduced from a gas inlet. At this time, a pressure is adjusted to 5x10- 
3Torr. Next, if impressed by the target electrode holder on which the ITO target which countered the substrate 
electrode in high-frequency power from the RF generator through the adjustment machine was pasted up, the sputtered 
particles which the argon ion which discharge generated and generated collides with a target front face, and becomes 
from a film ingredient from a target front face will jump out, it will deposit on a substrate 8, and the ITO film 1 1 will 
form. Thickness is 50nm - 1 micrometer. 

[0026] Next, the concrete producing method with hemispherical structure of ITO 12 is as follows. 
[0027] The alkoxide solution containing indium oxide and a tin oxide multiple oxide etc. is made into a drop with the 
spray method using a nozzle, and is made to adhere on the ITO film 11. Next, it heat-treats at 120 degrees C for 30 
minutes, and ITO 12 with hemispherical structure is formed. Moreover, as an evolution method of a drop, even if it uses 
ultrasonic spraying etc., ITO of an equivalent configuration can be formed here. 
[0028] Next, the concrete producing method which produces the ITO film 13 on it is as follows. 
[0029] having produced the ITO film 1 1 as PVD — the same — a spatter is used. The substrate 8 in which ITO 12 which 
has hemispherical structure on the above-mentioned ITO film 1 1 was formed is installed in the substrate electrode in a 
vacuum housing, and the ITO film 13 is formed on ITO 12 with hemispherical structure, and the ITO film 1 1 by the 
spatter. Thickness is 50nm - 1 micrometer, and the resistivity of ITO obtained by carrying out in this way is equivalent 
to 4x10-4 ohm-cm, 81% of total light transmission, and the thing currently made conventionally. 
[0030] It turns out that the microphotography by the optical microscope of the transparence electric conduction film by 
this invention formed as mentioned (a) of drawing 7 above is shown, much ITO(s) with hemispherical structure are 
formed and the shape of toothing is shown. On the other hand, (b) of drawing 7 does not form ITO with hemispherical 
structure, but the micro bell photograph by the optical microscope of the transparence electric conduction film which 
produced the ITO film by direct PVD is shown, a front face is smooth and the shape of toothing has not appeared. 
[0031] Drawing 8 is the characteristic ray Fig. showing the relation of the drop diameter (diameter of the transparent 
conductive heights 9) and short-circuit current in the transparence electric conduction film which takes the diameter 
(micrometer) of an adhesion drop along an axis of abscissa, takes a short-circuit current Isc (relative intensity) along an 
axis of ordinate, and is applied to the 2nd operation gestalt. As shown in drawing, in the range whose diameter of a 
drop used as transparent conductive heights is 0.05-200 micrometers, the short-circuit current Isc made into the index 
of evaluation of the solar-battery engine performance was high, and it became clear that it was stabilized. 
[0032] Drawing 9 is a graph which shows the comparison of the short-circuit current of a solar battery equipped with 
the transparence electric conduction film by this invention, and the conventional transparence electric conduction film. 
The configuration of a solar battery is the solar battery formed by the manufacture approach by the 1st example of this 
invention which carried out as shown in drawing 1 , and mentioned above the transparence electric conduction film 4 in 
drawing 1 . If the short-circuit current of the solar battery using the transparence electric conduction film produced by 
the technique of not forming ITO which considers as the example of a comparison and has hemispherical structure is 
set to 1, the short-circuit current of the solar battery using the transparence electric conduction film by this invention is 
increasing sharply with 1.5, and has big photoelectric conversion efficiency. Moreover, if the magnitude with 
hemispherical structure of ITO serves as a diameter of less than 0.5 micrometers, and a configuration inscribed in the 
circle exceeding 200 micrometers, the effectiveness of this improvement in a short-circuit current will not appear. 
[0033] 

[Effect of the Invention] The transparence electric conduction film of this invention can form concavo-convex structure 
on a substrate, is high permeability, and is low resistance in degree region of low temperature about 150 degrees C or 
less. According to the solar battery using the transparence electric conduction film of this invention, a big short-circuit 
current is acquired and photoelectric conversion efficiency improves remarkably. 



[Translation done.] 



